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THE EFFECT OF YTMMTURE AND HUMIDT™Y 22 TuR 20BACCS

—— B .

-[Follwing is a trenslation of an article by D. J. Ros-
sony, Centrel Instituto for “obucco Investigation, Rus-
tenburg, in the Afrikesans-language pericdical Syid-Afri-

W&w (South-African J.
Agre Sci.) Vol. 2, No 1, 1959, pp 19-31) B

The germination of conidias of Brysiphe oichoracaerum of tobacco
o dry glass plates is determined. The most important temperatuzes are
#d follows; ainimum, lowsr ther 5°C; optiaum, 24-25°C, and maximum,
30-35'C. Conidia of the fungus germinate at 0 to 100 percent rolltivo
humidity at temperatures betweon 15° and %°C.

The most important temperatures for the dovolopaont or powdaxy
mildew of tobacco are: minimum 5°C., optimum 23.5‘::.. and maximm zs°c.

The tapmturc and the relative humidity of some toblcco—produo
ing regiors inside and outside the Unicn of South Africa and the exist-
.ence of powlery mildew in those regions is determined; .it shows that
the fungus does not exist in regions with an aversge daily temperature .
of 25°C and higher. The relative humidity apparetly plays a less impor-
tant part in the origin, development and spreed of the fungus disease.

Introduction

: Povd.ory aud« without doubt causes one of -the most important and
harmful dizeases of tobacco in certain parts of the Union of South Afrisa.
It causes yearly losses that can uo\mt in some cuoa %0' 30 percent of
ths total hnmat.

uthouhta s fact the diseaso exlsts ix all parts of the world
where tobacco is reised, yet it iz not sveryvhere equally harmful. Just
as in the Unlon of South Africa where there are regions whers the powdery
mildew 13 of utmost economical importence, there are other rocions where
no hara 1s ‘done.
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In the tobacco-producing districts of Rustenburg, Brits, Globers-
=71 #nd Poteleterarust, for instancs, ihs diss=ase ip genorally present,
viiile tob2esco grown in the disiricts of Orighstad and Pengola is only -
slightly affected, and it 1s uninown in the xomxiipeart district.

The quasilor to be answored is why the disesse in certain parts
iz eorious and absent in other regisns.

(K]

 Procedure

The germination of gonidiz of Brisyphs cichsracearum is determin-
ed a3 follows. To obtain & right amount of spores to be used in the ex-
perimanldssthe tobsoco plants, in pots, ware kept during seven days in
clikate rocmes wpder artificial light. .The resuli wao that sburdent apor-
ulation tock place on the plants in auch rooks, whoare the tempersture
wvaz kepu betwosa 17-22°C. ‘ ' -

A reasenably equal dispersion of conidiz cowld be realised by
pressing slides 1lishtly on the zpors colenies. It showed that vhen the
slides wers pressed on the coloniesz with too much force, too meny old,
shrunken spores, unable to germinate, ware glusd to the slides.

Ths alides with conidia were ismediately piacad in open Petrl
dishes. Afier this the dishes were placed in closed conteiners under
certain cenditions and kept for 24 hours in incubators at a certain teep-
erature.  Evesy experimsat was repeated three times and every tiae sp-
proximately 200 sporss wers counted. The germination percentage at
every tesperature sxd relative humidity thus was celculated at an aver-
age of six ‘hundred spores. ‘ T '

After germination the sonidia are killed by staining with a 5 per-
cent solutica of cottonblue and lactophenol. This way there was encugh
time for the right parfsraance -Wthe experiments and further germinaticn
of the spores after the alides wire removed from the sxperimental cir-
cumstances wis aveided; besides, the counting of the germinating spores
wz2s much easier. - ' : ‘

The develepment of the fungus on the tobacce plant was studied in
olimate rocas (Pearse, 1955) under artificial light. All possible pre-
cautions were taken to be sure that the plants were absolutely free froa
powdery mildew cortamination. Tebscco plants An pots, for, instance were
for twec weeks every other day spreyed with caratene powder and them
thoroughly wasked, After this the plants were, duriag at least two waeks,

" r ed with olean wvater. Plints trectied this wgy were inabu-
lated and od in different climate roocms at temperatures, respective-
ly' \’t 5’ 13. 17. @. 2305 and 25'Ce The surfaece of the 1“". of a
plant was oalsulated by the method of Lal and Subta (1951), -tho mumber
of colenies on the plant counted and the contamimation per square inch
oalculated.




Results

The effect of temperaturs on the germinetion of conidis of Eryvi-
phie cichoracesrum is shown in Table I. ' '

Teble I. The pmwf«age ¢ germination of conidia of Erysiphe cichora-

: ctam a> different temperatures in a saturated atmosphere. lu

3 Temperaturs Germina ti&a
degreer centigrade percentage

5 1.9 :

10 14.3

20 50.3 S

22 58.0 '

z. 60.9 ‘ 2

213 ) 6106 i 5?;

2 43.0

% 20k z

35 0.0 f

The results show clsarly thats §

(1) Spore germination is at its best between 24-25°C; . . %

(1) Percentage of germiraticn is minmute at 5°C, tut at lexst 10§ 5

. of the spores still germinate at both 10°C and 3d'c. ‘ 3&?

(111) Yo gmimtion at 0 C. : 1%

The result o? the experiments to determins the amount of con.'uun
# - of the powlery mildsw fungus germinating at 10°C, 15°C, 20°C, 22'0.
25%c, 1s showm in Figure I. (Fig. 1 not shown in scurce.] -

The obtained results sho clearly thats

(1) Xost of the spores germinate at 25’0.
(11) More than 90 pmcnt of the spores germinate withi- ‘b hcu'o
at 25°C, 22°C, and 20°C, and more than 90 percent .t 1o'c in
. th\) time.
(111) The spores rolatively soon germinate besaus: & maoubh a-
mount ¢f germination at all these tqmtnru exists aln-dy
artu- a period of three hours.

C YT § e o At Lt e an S Lttt Ol s st e ety

The davelopment of the powdery iildew disease of tobacco Iﬂl.l‘
artificial ligkt is shown in Figure 2, ([Fig. 2 met shem in sourse. ]
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Tabls 2. The peruventage germination of conidia of the tobacco powdery

alldew fungus at differsnt temperatures and relative humidi-
ties after 2% honre,

Percentage germinstion at different temperatures

Belative Humidity  15°C 22°c 258°¢ 26°C -30%c
100.0 9.5 55.0 61.6 43.0 10.4

89.9 15.6 35.0 o7 bl.1 10,6

w.z 9.1 23,5 .5 28.0 ©  15.3

NC‘ lﬂol “109 ) 09 2"’09 15.0

k2.0 6.1 19.3 2.4 b, 12.5

0.0 b6 13.% 16.3 14,0 3.0

Ths dats e{ Takle 2 aliow the following conclusicnss

(1) That in accordance with a diminishing of relative humidity
frem 100 percent to 0.0 percent a desreass of germination nt
sert2in tesperatures is clearly showm. ‘ _

(11) That 2 ressensble amount of germinatisn (3.0-16.3 percent)

* existe evem at & relative Immidity ef O percent.

(111) That the cptimum temperature for zyon germination at a fix-
ed percantaze wvas fourd C and 26°C and in faot
clese to 25°C, a L o

(iv; That the germimaticn diminishes mech at a certain percentage
' of relative humidity when the tesperature ef 25°C, for in-
stancs, is raised to X'C or lowered to 15°C.

Review

The ‘purpese of this inves‘igation wes to dotazmine the effest of
smperature spd huxidity or the growth and develepnent of the poxdery
rildow fungus cpd to find, Af poszible, the axplanstion why tho disesse
is & seriovs preblem in soms tobapco-producing distrists and is net pre-
sent at all in other districts, . : - ‘

The cardinal temperstures for spore gurmination ares ii.nim.
lorer than 5°C, eptiman 24-25°C, and maximum 0-35°Cs The gap between
the temperdtures in which germination. ie possible sesms to be mich wider

then. it is fer contamination of the plant Yy the fungus.  For iastance,

no coptemimation at 41l at & constant experisentsl tespersture of $°6 and
25°C°er higher; the optimam tempersture for contaminaticn wus around
23.5°C. Although mo contamination took plice at 5°C, this teiperature
was for thé fungus not desdly, becsause whsn the plant was contaminated
befere and after it was placed at a temparature of 5°C and at 25°C, the
fungus died at the 25°C temperature and not at the £°C iGaperature. The

L]
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results ere very well in sdeordance with those of Loviukh (1940) as to
the minimum, optizum and maximum temperaturss, which
10 16-2”.(:. g emp s were respectively

The contaminstion of tobacco by powdery mildew takes place at a
mch lover tempersture than the temperature at which the piant no
grows. The fungus is killed by temperatures of 25°C and higher, which
does not seem detrimental to the plant. This conclusion is mors or less
in accordance with the experience of Dslp (1954) as to powdery mildew
on grapss.

A compariscr. of the average temperatures in some tobacco-produce
ing regions in and outside the Union of South Africa shows thatthe aver-
age of the daily minimum-maximum temperaturs in thoss regions is connec-

ted with the caddinal temperature for contamination with powdery mildew.

For the purpose of this investigation the climate and the presence
or absence of powdery mildew was studied in the following countriss and
regionss North Carolina (US), Sumatra, Java, Marszi:llss (South Rodesis)
and the Union of South Africa. ‘

In the Union of South-Africa Virginia tobacco is produced in cen-
tral, North and East Transvaal, the southwest and east districts of Cape
Province snd the ccastal districts of Natal. The climate in these re-
gionz varies from tropical to sub-tropical and the totacco regions are
usually aituated lower than 4000 feet above sea level.

In the Federation of Rhodesia and dyssssland one of the biggest
producérs of totwcco in the world, the tobacco is grown uvp to a height
of 5000 fest above sea level. :

The reising of tobacco in the Bast Indien islands during the Dutch
reign was sostly done in the lower parts. On Sumatra tobacco is ‘seldom
raisad at a higher level than 650 feet above sea level. The indizemous
tobacco lecally used YWy the population is grown inland at highér places;
the tobescco on Java &sgsin between 400 and 1800 feet above sea level.

The 'US produces tobacco from the scuthern part of Wisconsin énd

Connecticut Valley to the northern part of Florida. The temperature dur-

ing the growing season varies from 21.1 to 25.3°C. In the centrsl parts
with the biggest production the aversge temperature is 24.5°C or a little
higher. o T

As the powdery milds> disease does not exist in some regions and
countries sn isvestigation took place to determine whother there is a

Sorrelaticn between the temperatures in different tobecco-producing coun-
tries snd the presence or sbsance of the disease. The results of the in-

vestigation as to the temperaturcs only is showm in Tadble 3.
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Datz in rslation to the presence of powdery wildew in regions and
countrise sutuide tha Uaioa of South Africa (hblo k) 4is cbtained from
{;%i;atw (D'hgrmnd. 1923; Swart, 1934; Wolf, 1935 and Hopkins,

Data with respact to the tobacco disetse in the Union of South
Africa ware cbserved by the suthor. The data are showm in Table 4.

Table &, The Jdogres of development of powdery mildew in different local-
itiess and countries in which tobacco is grown, :

Comntry Lecality - Degrea of development

of the disease

Union of Seutk Africa Rustanburg s
- Pongola P
Komatipoort -
UsA Northk Carclina, -
Sumatra ' Modan -

~ Yort de Kock KX/

Java Pandang-Siempling s 44

South Rhodesia Marandeilas , ¢4 4

The data of Table 3 show clearly that averagse daily maximm tesp-
eratures during the summsr months in Pustenbturg ead Pongols do not dif-
for mack. Hewevsr, the aversge daily saximun texpersturs in Kcmatipoort
is quité a bit higher than in Rustenburg and Pongols. Comparing the min-
imsm avers;e temperatures it i» cleasr that the nights in Rustenburg are
mch cgelc: than in Komatipoort amd Pongola. There is not much differe-
ce betwesn the averags daily minimm temperatures in Pongola and Komati-
poqr:i‘lltknathtnuhta hmtimpmmantuomthmin
lw .

mmodamunmmmmmm in the Rusten-
» A shomm in Thble 3, for the whole tobecco seoson are lower
than 2 '?c. ‘These temperatures in Pongols during two months (January and
February) end in Komatipoort during five months (lovubor-n&rch) are
25°C and higher.

The dmoo of developent of tho disease as nho-.m in Table & prov-
[T ohu ‘relationship with the averige daily maximrm-minimui
ture during the swmer. The reason forthhdmt.muthofwt
that powdery nuu is spidemic in Rustenburg in every season, in Pongola




it was never of any aconomic importance and in the Komatiport region it
was altogether absent. ‘

Coparing the average teamperatures during the suemer months in
fustenburg, Medan, North Carolina and Marandellas (Table 3) it is showm
that thers 1s not much differsnce in the maximm temperatures, not in
Medan and Rustenbui'g, for instance. During tho winter months the aver-
age maxizum temperatures are mmch higher in Medan than in Rustenburg.
The nights are mmch colder in Rustenburg than in Medan. The conseguence
3s that the average daily maximum-minimum tempersture in Rustenburg al-
ways is lower than 25°C; the sverage maximm-minimum temperature in Me-
dan, during the months tubacco is harvested, (October-December) always
is higher than 25°C. The aversge maximum-minimum temperatures in Mar-
andellas are approximately the same in Rustenburg; the temperatures in
gorth Carolina during the tobacco season are in accord with those in Me-

an. -

Regions like Medan and North Carolina, where the days as well as
the nights during the growing season are warm and consequently the aver-
age dally maxisme-minimum temperature are higher than 25°C have no powd-
ery mildew, as the data in Table 4 show. This in opposition to the fact
that powdery mildew is abundantly present in Rustemburg and Marandellas
where hot daya and cold nights make the average daily naximum-minimum
tsmperatures in the middle of the summor lower than 25 C.

The inhabitants of Sumatra during the Duéch reign planted tobacco
in locations 650 feet and higher above sez level and the tobacco was
sericusly affected by powdery mildew. Because climatological data of
thi locations where the inhabitants raised tobacco are not available,
the temperatures of Fort de Kock (2900 fset above sea lwvel) were uses.
The data of Fort de Kock wers only used to show that the high irland
is very much cocler than the coastal regions. A occmparison of the temp-
eratures in Medan and Fert de Kock is shown in Table 3.

Both the day and night temperature in Fort de Kook is much lawgr.
than the day and night temperature in Medan. It is remssrkablacthat the
average dally maximum-minimum temperatures in Fort de Fock are approxi-
rately the same as in Rustenburg, and it is not astonishing that the to-
bacco in the inland of Sumatra shows the same serious contamination as
in Ruatcn'burg.

Meteorological date from the tobacco regions in Java wsre not a-
vailable, bat the publications of Jensen and de Vries (191%) and D'Angre-
mond (1923) show that the powdery mildew there is fairly serious; D'Ang-
remond states, for instance, that Pandang-Siemping is an "eminent fungus
land®,

Altogether it can be sald that the alr temperatures play a very
important part for the presence of powdery mildew of tobacco in certain

-7 -




locationr or season and glro as to the degree of contaminatien. Tarning
the scale for controlling the diseaase is not 3o mmch the maximum or min-
1mum daily temperature 2 a ~onstant daily temperature of 25°C up or an
avarage dally maxlmm-minlmun temporature nf higher tasn 25°0,

B» Reoletive Hemidity

1t is a well kmown faot that some of the Erysi;t.scese can only de-
valop in a very hwzid atmosphere and others can resist a verv dry one.

Longras (1939) found that on rores, conidia of powdery mildew
gorainate veiy well at a relative humidity of 935 persent and higher, and
that 1ittle germimation takes place be’ween 75 and 95 percent and no
gomination at all at 2 lower relative humidity than 75 percent. In don-
{rast to this, Dolp (1956) feund that the germinstion of cenidis of Un-
cimls between tho minimum and optimum temperatures are not influenced
ty low bumidity. Yarwcod (1936) showed that the Brysiphe polygoni of
clover amd beans can stand a lsvwer humidity than Erysiphe plygoni of the
maatard plant. JSotually, to vhich degres relative humidity determinss

‘the presence of Erysiphe cichorcearum in tobacco is ¢ill now unknow, but

in the past it was generally acceptcd that high humidity of the atacs-
phere waz bereficial to the diszease (D'Angremond, 1923), Levijkh (1940)
maintained ‘that under optimal circumstances of temparature, corniiie of
powdery mildow goruinated best bstween 60-100 percemt humidity and tiat
at temperaturos of 16-23.6°C and a relative humidity of 60-100 percent
the dissaze will flourish best.

. Ceaparison of the hmmidity of two tobacco regions within the Union
of Scuth Africe shows that the relative humidity in Komanipoort is mmch
higher than in Thabesimbi. S ' :

The data of Table 5 show clearly that the relative huwidity in
Thabasinbi during a great part of the tobacco growing sSezson is wnder 50
peroent; the dumidity dvring the samc period im Komatipoort is 11-19
percent higher. According to D'Angremond the tobacco of Komatipoort
should be stroagly affected by powdery mildew, and the disesse in Thab-
asimbi should be no problem at all. However, observations show just the
opposite, becauso the diseaza is sbsent in Xcmatipeort and rather seri-
ous i Thabaginbi,




.
RN R 2 L TS it g S P e A AT

B

#

Table 5. The mean daily relative humidity at Thabarimbi and Komatipoort
over the 12 months of the yesw.

Month Thabazimbi Komatipe..t
1 5k 67
II 57 68
I1T 57 70
w 55 66
v sh 63
VI 51 ‘ 62
VII 48 59
VIIT a3 ' 58
IY 35 sk
X 37 55
) o ks 59
) aus 4y 63

Study of the contamination and development of the fungus undur
different circumstances of humidiiy and temperature shows that the hupi-
dity, relatively .peaking, is of little or no important for the develop-
nent of the fungus; nowhere in the investigation is the lack of growth
of the fungus caused byu.a low humidity. fThis study stresses the point
nf the great toleration some mildew fungi have for low humidity, in ac-
cordance with the results c¢f Yarwood.

Although powdery mildew contarination is most times attributed to
high humidity, it is far more the result of a low temperature in the to-
bacco locativns (as is also shown for Uncinula necator on grapes, by
Delp, 195k). Of the two importint surrounding factors for the devalop-
ment of powdery mildew (temperature snd humidity) the temperature is by
far the more important. Actually, this investigation shows that as a
fact the tomperaturs is the only determining factor for the contaminstion
of tobacco by powdery mildew. ‘ S

Sumaryj

THE RFFECT OF TEMPERATURE AND HUMIDITY ON THE TOBACCO
POWDXRY MILDEW FUNOGUS

The influence c¢f temperaturs on the germination of conidia and on
the infection of tobacco by powdery mildew was determined, For the for-
mer the s opt And maxirum temperatures wers found to be lower

than 5°C between 24-25'C and batween 30-35'C, and for the latter 5*;
23,5% and Zstlf?espwtivoh. ‘ ‘ _

,
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The exlstance of & very close correlation between the occurrence
of powdery mildew in oertain tobacco sreas and tue average daily maximun-
minimum temperatures prevailing in those areas conld be shown. It was
found, for example, that powdery mildew did not ocour in areas in which
the prevailing average daily meximmm-minium temperatures were 2 or
highor. : it

Relative humidity on the other hand, has much lese influence than
tesperaters cn either the germination of the conidis or the occurrence
of powdery mildew in different tobacco areas. It was found, for oxaxple,
that the comidia could germinats under conditions in whioch the R. H. var-
ied from 0 to 100 percent between temperatvres of J.b'%nd C. Further-
nore, no sorrslation between R. H. and the occurremce of powdery mildew
could be founde &) - ' |

N ———
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